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Abstract. Short wavelength ion sound waves (2–4kHz)
are detected in association with the Langmuir waves (∼15–
30kHz) in the source regions of several local type III radio
bursts. They are most probably not due to any resonantwave-
wave interactions such as the electrostatic decay instability
because their wavelengths are much shorter than those of
Langmuir waves. The Langmuir waves occur as coherent
ﬁeld structures with peak intensities exceeding the Langmuir
collapse thresholds. Their scale sizes are of the order of the
wavelength of an ion sound wave. These Langmuir wave
ﬁeld characteristics indicate that the observed short wave-
length ion sound waves are most probably generated during
the thermalization of the burnt-out cavitons left behind by
the Langmuir collapse. Moreover, the peak intensities of the
observed short wavelength ion sound waves are comparable
to the expected intensities of those ion sound waves radiated
by the burnt-out cavitons. However, the speeds of the elec-
tron beams derived from the frequency drift of type III radio
bursts are too slow to satisfy the needed adiabatic ion ap-
proximation. Therefore, some non-linear process such as the
induced scattering on thermal ions most probably pumps the
beam excited Langmuir waves towards the lower wavenum-
bers, where the adiabatic ion approximation is justiﬁed.
1 Introduction
The electron beams accelerated during solar ﬂares generate
intense Langmuir waves in a very narrow band around the
local electron plasma frequency fpe while propagating from
the inner corona to several AU in the interplanetary medium.
The intensities of these waves ﬂuctuate in a wide range (Kel-
logg et al., 1992a,b; Lin et al., 1986; Reiner et al., 1992; Gur-
nett et al., 1993; Thejappa et al., 1993, 1995). The in situ ob-
servations indicate that these waves are excited by the bump-
on-tail distributions of energetic electrons (Lin et al., 1986).
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The nonlinear process of self-focusing is known to generate
the regions of wave concentration with spatial scales of one
to several Langmuir wavelengths. The fast envelope sam-
pler (FES) of the Uniﬁed Radio and Plasma Wave (URAP)
experiment (Stone et al., 1992) on Ulysses captured coher-
ent Langmuir wave ﬁeld structures associated with several
local type III radio bursts generated in the vicinity of the
spacecraft. The characteristic features of these coherent ﬁeld
structures are the high intensities and short time scales of
15 to 90 milliseconds (6–27 km); the FES time resolution
is typically 1 ms. Thejappa et al. (1999) show that (1) the
normalized peak energy densities of some of these structures
are ∼ 10−5; these energy densities are well above the mod-
ulational instability threshold of ∼ 10−8, (2) the 0.2-power
widths of these wave packets are of 1 to 5 Langmuir wave-
lengths consistent with oscillating or envelope solitons, and
(3) these widths correlate inversely with the peak amplitudes
as expected of the 1D envelope solitons.
The plasma is pushed out from the regions of wave con-
centration under the action of pondermotive force, forming
density cavities with initial sizes of a few Langmuir wave-
lengths. These density cavities cause an increase in the Lang-
muir wave ﬁeld intensities leading to further shrinkage. The
feedback between the Langmuir wave intensity and spatial
scale of the density cavity continues until the width of the
cavity reaches the size of ∼ 20 Debye lengths λD. At these
spatial scales, a strong Landau damping suddenly sets in
causing an abrupt absorption of the Langmuir wave ﬁelds by
the background electrons. This Langmuir collapse process
leads to the formation of high energy tails in the electron dis-
tribution function (Pelletier, 1982), leaving behind the unsta-
ble empty density cavities. The Langmuir collapse also heats
the plasma electrons creating a favorable condition Te > Ti
for the accumulation of ion sound waves, where Te and Ti are
the electron and ion temperatures, respectively. The electron
beams accelerated during the Langmuir collapse have been
observed in several laboratory experiments (Burmasov et al.,
1997). The ion sound waves radiated by the burnt-out cavi-
tons have also been observed in experimental settings (Karﬁ-412 G. Thejappa and R. J. MacDowall: High frequency ion sound waves
dov et al., 1990; Karﬁdov and Lukina, 1997; McFarland and
Wong, 1997; Vyacheslavov et al., 2002) as well as in numer-
ical simulations (Degtyarev et al., 1980).
StrongturbulencefeaturesofLangmuirwavepacketswere
identiﬁed in the Jovian foreshock regions (Gurnett et al.,
1981; Thiessen and Kellogg, 1993) as well as in type III ra-
dio burst source regions (Kellogg et al., 1992a; Thejappa et
al., 1993, 1996; Thejappa and MacDowall, 1998; Thejappa
et al., 1999). These features include (1) small scale sizes (∼
a few tens of Debye lengths) of the wave packets, and (2)
peak intensities, which are well above the modulational in-
stability thresholds. Other signatures of Langmuir collapse,
such as the high energy electron tails or short wavelength
ion-sound waves have never been identiﬁed in the interplan-
etary medium. In this paper, we report the ﬁrst observational
evidence for such short wavelength ion sound waves asso-
ciated with coherent Langmuir wave ﬁeld structures in the
source regions of local type III radio bursts. It is important
to note that the present day particle detectors can not resolve
the density cavities created by the intense ﬁeld structures.
We have identiﬁed 12 local type III events with intense
Langmuir wave activity from March to June of 2001 in the
URAP data. High frequency ion sound waves are observed
during the Langmuir waves in the source regions of ﬁve of
these local events. The temporal coincidence of high fre-
quency ion sound and Langmuir waves can not be interpreted
in terms of any resonant wave-wave interactions, such as the
electrostaticorelectromagneticdecayinstabilitiesbecauseof
the large difference in the wavelengths of these two kinds of
waves. For example, in the interplanetary medium, the elec-
tron beams with speeds of vb∼3×109 cms−1 excite Lang-
muir waves with wavenumbers kL∼10−5 cm−1, whereas the
measured wavenumbers of the 2–4kHz ion sound waves ks
are ∼10−4 cm−1; the electrostatic and electromagnetic de-
cay instabilities require the wavelengths of Langmuir and ion
sound waves to be comparable to each other. On the other
hand, the spatial scales of the coherent Langmuir wave ﬁeld
structuresarecomparabletothewavelengthsoftheionsound
waves. This indicates that the burnt-out cavitons left behind
by the Langmuir collapse processes are probably responsi-
ble for these ion sound waves as suggested by Galeev et al.
(1976). However, the direct Langmuir collapse requires very
high speeds of electron beams responsible for the Langmuir
waves. In the present case, some nonlinear process other
than the electrostatic decay instability is probably pumping
the Langmuir waves to lower wavenumbers. The most likely
mechanism is the induced scattering of Langmuir waves off
thermal ions.
The occurrences of long wavelength ion sound waves
(f∼100–200Hz) in association with Langmuir waves in
type III burst source regions were reported by several authors
(Lin et al., 1986; Thejappa and MacDowall, 1998; Thejappa
et al., 1999, 2003). These observations were interpreted in
terms of electrostatic or electromagnetic decay instabilities,
since (1) the wavelengths of these low frequency ion sound
waves were comparable to those of Langmuir waves, and (2)
the peak intensities of the Langmuir waves were well above
the electrostatic decay instability thresholds. The low fre-
quency electromagnetic waves, identiﬁed either as whistlers
or electromagnetic lower hybrid waves were also observed
during Langmuir waves in the source regions of several type
III bursts (Kellogg et al., 1992b; Thejappa et al., 1995). A
unique type III event was studied by Thejappa and Mac-
Dowall (1998), where two types of low frequency waves,
namely, longwavelengthionsoundwavesandwhistlerswere
observed in association with strongly turbulent Langmuir
waves. The observations of high frequency ion sound waves
in association with type III burst related Langmuir waves
have been reported for the ﬁrst time in this paper.
Kellogg et al. (1999) reported very interesting high time
resolution observations of Langmuir waves in the Earth’s
foreshock region. In our opinion, the events presented by
these authors represent some of the best examples of 1-
dimensional stable Langmuir envelope solitons because (1)
they show inverse relationship between the amplitude and
width consistent with Langmuir solitons (see, for similar re-
lationship Thejappa et al., 1999), and (2) their intensities are
well above the modulational instability thresholds. The high
frequency ion sound waves observed during one of their high
resolution Langmuir wave packets are very similar to the ob-
servations presentented in this paper.
Nonlinear processes associated with Langmuir waves, es-
pecially strong turbulence processes are the focus of nu-
merous theoretical studies (Zakharov, 1972; Goldman, 1984;
Robinson, 1997), computer simulations (Nicholson et al.,
1978; Degtyarev et al., 1980; Doolen et al., 1985; DuBois
et al., 1993) and experimental investigations (Cheung and
Wong, 1985). The intense interest in this topic is not only
because of the fundamental nature of the problem (Zakharov,
1972), but also because of its practical importance in laser
heating of pellets (Montgomery et al., 1999), ionospheric
modiﬁcation experiments (DuBois et al., 1993), solar ra-
dio astronomy (Papadopoulos et al., 1974; Smith et al.,
1979; Goldstein et al., 1979; Goldman and Nicholson , 1978;
Nicholson et al., 1978) and other astrophysical applications
(Pelletier et al., 1988). For example, in the case of solar type
III radio bursts, Langmuir collapse and related nonlinear pro-
cesses are believed to play an important role in stabilization
of the electron beams, and the conversion of Langmuir waves
into the fundamental and second harmonic radio waves. In
Sect. 2, we present the observations, in Sect. 3, we present
the discussion and in Sect. 4, we present the conclusions.
2 Observations
We have identiﬁed 12 local type III bursts with intense
Langmuir wave activity from March to June 2001 in the
Ulysses/URAP wave data. These are at 09:02:45, 12:05:30
and 28:23:40 in March, 27:07:00 and 29:09:55 in April,
1:15:30, 6:20:30, 7:09:00 and 19:11:00 in May, and 9:21:50,
15:15:35 and 26:20:50 in June 2001. For ﬁve events, high
frequency (2–4kHz) ion sound waves were observed during
Langmuir waves.G. Thejappa and R. J. MacDowall: High frequency ion sound waves 413
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Fig. 1. The Ulysses/URAP observations of a local type III radio burst and its associated in situ waves. The top and bottom panels correspond
to the radio astronomy receiver (RAR) and the plasma frequency receiver (PFR), respectively. The fast drifting emission feature from 900
kHz down to local electron plasma frequency of fpe∼20kHz is the local type III burst, the red patches at ∼20kHz in upper as well as lower
panels are Langmuir waves and the irregular wave activity in the 1 to 4 kHz range corresponds to the short wavelength ion sound waves. The
ion sound signals in the 2–4kHz range are clearly seen during the intervals of Langmuir wave activity in the bottom panel.
Figure 1 presents the dynamic spectrum of one of the best
examples. The top and bottom panels are the observations
obtained by the Radio Astronomy Receiver (RAR) and the
Plasma Frequency Receiver (PFR), respectively. The RAR is
a high sensitivity swept frequency receiver, speciﬁcally de-
signed to detect faint signals such as interplanetary type II
and type III radio bursts. The continuous but often irregu-
lar, narrow emission band extending across the middle of the
dynamic spectrum in the top panel is the quasi-thermal noise
“plasma line” (Meyer-Vernet and Perche , 1989; Stone et al.,
1992). The plasma line is usually used to determine the local
electron density, ne. The type III burst (16:00 to 19:00 UT)
which extends all the way down to the plasma line at fpe
(wheretheLangmuirwavesareclearlyvisibleasredpatches)
is probably excited very close to the spacecraft. For example,
Thejappaetal.(1993,1996)haveusedtheinsituwaveobser-
vations of such local events to verify the mechanisms respon-
sible for conversion of Langmuir waves into escaping radia-
tion at fpe and 2fpe. The PFR is characterized by a larger
dynamic range and higher time resolution. Speciﬁcally, it
is designed to measure the intense electrostatic signals such
as the Langmuir waves and ion sound waves. The tempo-
ral coincidence of (2–4kHz) ion sound waves and Langmuir
waves is much clearer in the PFR data (bottom panel) than in
the RAR data (top panel),
Figure 2 presents the time proﬁles of the type III burst at
∼21.5kHz, Langmuir waves at ∼15.8kHz and the high fre-
quency ion sound waves at ∼3.2kHz. These time proﬁles
clearly show the temporal coincidence of Langmuir and ion
sound waves.
Figure 3 presents the average spectra of the electric
ﬁeld signals obtained by the PFR in the interval 17:45:04–
17:54:56 UT. The peaks corresponding to the Langmuir
waves at ∼19kHz and high frequency ion sound waves in
the frequency range (2–4kHz) occurring during this interval
are clearly visible in this spectral plot.
Although a variety of waves routinely occur in the solar
wind, a close temporal coincidence of low frequency waves,
such as long wavelength ion sound waves or whistlers with
Langmuir waves is a good indication that they are linked by
some nonlinear process. In the present case, the temporal
coincidence of high frequency ion sound waves and intense
Langmuir waves is evident not only from the time proﬁles
butalsofromthespectralplots. Suchtemporalcoincidenceis
observed during several type III events. At present time, we
do not know how to seperate these ion sound waves from the
routinely occurring waves. It is worth noting that there can
be a time lag between the intense Langmuir wave peaks and
ion acoustic like waves if they occur soon after the complete
absorption of Langmuir waves by the background electrons.414 G. Thejappa and R. J. MacDowall: High frequency ion sound waves
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Fig. 2. Time proﬁles of the local type III radio burst and its associated in situ waves. The top panel showing the type III radio burst is the
RAR data. The bottom two panels are from the PFR. The signals at 15.8kHz are of Langmuir waves, whereas those of 3.2kHz are of high
frequency ion sound waves.
The frequency of ion sound waves in the spacecraft frame
is
fs =
ksvs + ksvsw cosθkv
2π
, (1)
where ks and vs are the wave number and speed of the ion
sound waves, respectively, vsw is the solar wind speed, and
θkv is the angle between the wave vector and the solar wind
velocity. The ﬁrst and second terms correspond to the in-
trinsic frequency of ion sound waves and the Doppler shift
caused by the motion of the solar wind, respectively. Since
for short wavelength ion sound waves, ksvs  ksvsw, one
can approximate
fs '
ksvsw cosθkv
2π
, (2)
wavelengths λs'vsw/fs'15λD'200m and
ks=3.4×10−2 m−1 for cosθkv∼1, fs'2kHz,
vsw'365kms−1, and Debye length λD∼13.6m. The
solar wind velocity vsw is obtained from the Ulysses
SWOOPS instrument (Bame et al., 1992).G. Thejappa and R. J. MacDowall: High frequency ion sound waves 415
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Fig. 3. The average spectra of the wave electric ﬁeld signals obtained by the plasma frequency receiver (PFR) in the interval 17:45:04–
17:54:56 UT. The spectral peaks at ∼3kHz and ∼20kHz correspond to the high frequency ion sound and Langmuir waves, respectively.
The damping rate of the ion sound waves which depends
on electron to ion temperature ratio (Te/Ti) as
0s
ωs
∼
r
π
2
[0.32
Te
Ti
exp(
−Te
2Ti
) + (
me
mi
)
1
2], (3)
is '0.25 for the observed Te'1.7×105 K, and
Ti'4.9×104 K. The relative energy density of these
waves
Ws
neTe
∼
0E2
s
neTe
, (4)
is ∼10−9 for 0=8.85×10−12 Fm−1, Es∼10−4 Vm−1,
ne=4.5cm−3 and Te=1.7×105 K.
The dispersion relation of Langmuir waves is
fL = fpe(1 +
3k2
Lλ2
D
2
), (5)
where
kL =
2πfpe
vb
, (6)
for the beam-excited Langmuir waves. Ulysses was lo-
cated at a distance of 1.36 AU from the Sun during
this event. By using the 1/f plot of the type III
burst, we estimate the beam speed vb as ∼3×109 cms−1,416 G. Thejappa and R. J. MacDowall: High frequency ion sound waves
and kL=2πfpe/vb∼4.0×10−5 cm−1 for fpe=19kHz. The
damping rate of Langmuir waves
0L
ωpe
∼
r
π
2
(
nb
ne
)(
vb
1vb
)2, (7)
is ∼1.2×10−5 for 1vb/vb'0.1 and nb/ne'10−7, where nb
and ne are the electron density in the beam and ambient
plasma, and vb, and 1vb are the beam speed and its disper-
sion.
The peak amplitudes and spatial scales of the coherent
electric ﬁeld structures of Langmuir waves are important sig-
natures of the nonlinear processes. The FES records intense
plasma wave activity with a time resolution of up to 1 ms
per data sample, and a total of 1024 contiguous samples
are recorded for an event. The most intense event observed
during an interval of approximately one-half hour is teleme-
tered. Electric ﬁeld measurements are made over a wide-
frequency band determined by commandable ﬁlters, each
having a range of one decade in frequency, e.g. 6–60kHz
and 2–20kHz.
Figure 4 presents two Langmuir wave envelopes captured
by the lowfrequency band of FES on 1May2001at 17:53:53
and 18:19:29 UT. These events are associated with the local
type III radio burst of ∼16:00–18:00 UT (Fig. 1). As seen
from Fig. 4, the Langmuir wave envelopes show a broad in-
tense peak after ∼500ms. The ﬂuctuations seen in the be-
ginning phase of these events are probably due to low fre-
quency waves such as the long wavelength ion sound waves.
The asymetric shapes of these events are due to the 32-dB
attenuator activated by the intense central peak. The role of
the attenuator is to extend the dynamic range of the system,
i.e. whenever the signal rises to saturation, the attenuator is
switched into the signal stream and remains connected for
the remainder of the event cycle. The millisecond spikes on
the broad intense peaks are transients associated with the ac-
tivation of the attenuator.
The peak electric ﬁelds EL of these broad peaks
are ∼5×10−3 and 3×10−3 V/m, and the corresponding
WL/(neTe)=0E2
L/(neTe) are 2×10−5 and 2×10−6, respec-
tively, for ne=4.5cm−3 and Te=1.7×105 K. The half-power
duration (T) of the broad central peaks of these events are
less than or equal to 10ms. Because these ﬁeld structures are
convected by the solar wind, their spatial scales L=Tvsw are
≤ 300λD∼4km for vsw∼365kms−1. These spatial scales
are of the order of the wavelengths of Langmuir waves, indi-
cating that they are probably undergoing self-focussing and
related nonlinear processes. Table 1 summarizes the ob-
served parameters of Langmuir and ion sound waves, and
other solar wind parameters.
3 Discussion
The electrostatic decay instability is believed to be respon-
sible for the low-frequency electrostatic waves observed in
association with Langmuir waves in type III burst source
regions (Lin et al., 1986) as well as in the Earth’s electron
foreshock region (Anderson et al., 1981) (the low-frequency
electrostatic waves were interpreted in terms of the daughter
products of the electrostatic decay of the beam-excited Lang-
muir waves). The threshold for this instability is given by
Wth
neTe
=
40L0s
ωsωpe
. (8)
In the present case, this threshold is ∼10−5 for the damping
rates of 0s/ωs'0.25 and 0L/ωpe∼1.2×10−5 (Eqs. 3 and
7). On the other hand, the observed WL
neTe values range from
2×10−6 to 2.0×10−5 (see Table 1). Even though the thresh-
old condition is satisﬁed in the present case, the electrostatic
decay instability does not occur unless the Langmuir and ion
sound waves satisfy the relevant resonance conditions, which
impose a constraint ks ≤ 2kL − k0 (Thejappa et al., 2003),
where k0∼2ωpevs/3v2
Te∼1.2×10−5 cm−1, for fpe∼19kHz,
ion-sound speed, vs=
√
Te/mi∼3.8×106 cms−1 and the
electron thermal speed, vTe=
√
Te/me∼1.6×108 cms−1.
This constraint provides the upper limit on the wave
numbers and frequencies of the ion sound waves, which
could be produced by electrostatic decay instability.
These are ks∼6.8×10−5 cm−1, fs=ksvs/2π∼41Hz for
kL∼4.0×10−5 cm−1 and k0∼1.2×10−5 cm−1. These ks
values also provide the highest possible doppler shift
ksvsw/(2π) as ∼393Hz for vsw of 365kms−1. Therefore,
if the ion sound waves are excited by the electrostatic decay
instability, their frequencies should be ≤ 434Hz, i.e. well
below the observed frequencies of 2–4kHz. Thus, the elec-
trostatic decay instability is probably not responsible for the
observed short wavelength ion sound waves.
The short wavelength ion sound waves can also be excited
by the thermalization of the empty burnt-out cavitons left be-
hind by the Langmuir collapse(Galeev et al., 1976). Gold-
man and Nicholson (1978) have derived an expression for
the threshold for the collapse of a two-dimensional Langmuir
wave packet using the virial theorem. According to these au-
thors the threshold condition for Langmuir collapse is:
Wth
neTe
= 24(1kLλD)2, (9)
where 1kL is the half-width of the Langmuir wave packet.
Melrose and Goldman (1987) applied this threshold con-
dition to interpret the observations reported by Lin et al.
(1986). These authors estimate the spread in wave numbers
as:
1kL
kL
∼
1vb ln2
vb2N
, (10)
where N is the number of linear growth times before the on-
set of saturation mechanism. In the present case, we can
use the Eqs. (9) and (10) to estimate the threshold as fol-
lows. The number of linear growth times N can be written
as ∼lnp∼7, where p'103 (cf. Fig. 4) is the observed ratio
of the peak electric ﬁeld amplitude to the instrumental back-
ground. Therefore, for 1vb/vb∼0.15, and N∼7, we obtain
1kL/kL∼7×10−3 and Wth
neTe∼3×10−6 for λD∼13.6m andG. Thejappa and R. J. MacDowall: High frequency ion sound waves 417
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Fig. 4. FES events corresponding to Langmuir waves of the local type III burst of 16:00 UT (Fig. 1). Millisecond spikes are transients due
to the ﬁnite time response during the attenuator activation.
kL = 4×10−3 m−1. This threshold value is comparable to
the observed values of WL
neTe of ∼2×10−5 and 8×10−6 (see,
Table 1). These observations are consistent with the theo-
retical and computational results for the evolution of beam
excited Langmuir waves (Goldman and Nicholson , 1978;
Nicholson et al., 1978). As far as the recent hypotheses of
Langmuir collapse based on the localized Langmuir eigen-
states in the ocean of plane waves as seen in numerical simu-
lations are concerned (Robinson, 1997), there is no observa-
tional evidence for structures with f<fpe. A detailed anal-
ysis of WIND data of Langmuir wave spectra and high time
resolution electron data will be able to conﬁrm the related
nucleation mechanism of Langmuir collapse.
The wavelengths of ion-acoustic waves generated during
the relaxation of burnt-out cavitons should be of the or-
der of the spatial scales of collapsing structures ∼15λD.
Accordingly, the wavenumbers of these waves ks are
∼3.4×10−2 m−1. For such waves, the frequency is mostly
determined by the Doppler shift of these waves by the solar
wind, which can be estimated as ksvsw∼2kHz for the so-
lar wind speed of vsw∼365kms−1. These frequencies agree
very well with the observed short wavelength ion sound
waves.418 G. Thejappa and R. J. MacDowall: High frequency ion sound waves
Table 1. The physical parameters.
Parameters Values
INTERPLANETARY PLASMA
Electron density, ne 4.5 cm−3
Electron temperature, Te 1.74 × 105 K
Ion temperature, Ti 4.9 × 104 K
Debye length, λD 1.36 × 103 cm
Electron plasma frequency, fpe 19 kHz
Solar wind velocity, vsw 365 km s−1
Electron thermal speed, VTe 1.6 × 108 cm s−1
Ion thermal speed, VTi 2.0 × 106 cm s−1
Ion acoustic speed, cs 3.8 × 106 cm s−1
Ambient magnetic ﬁeld (B) 5.3 nT
Electron Cyclotron Frequency 150 Hz
fce
fpe 7.8 × 10−3
LANGMUIR WAVES
Beam excited Langmuir wave number, kL 4.0 × 10−5 cm−1
Relative Peak Energy density, WL
neTe 2 × 10−6 − 2 × 10−5
The wavelength of Langmuir waves, λ0 ∼ 2π/kL 3.1 kms
ION SOUND WAVES
The peak electric ﬁeld, Es at 2 kHz ∼ 10−4 V/m
Relative Energy Density, Ws
neTe ∼ 10−8
The emissivity of the short wavelength ion sound waves
excited by the burnt-out cavitons can be written as (Galeev et
al., 1976)
α = 2γMW∗
Lk2
Lλ2
D. (11)
Here
γM = ωpe
p
me/mi(
WL
neTe
)1/2 (12)
is the growth rate of the modulational instability, and
W∗
L = WL(
k0
kL
)3/2 (13)
is the energy in the short wave part of the Langmuir wave
spectrum in 3-dimensions, and
k0 =
1
λD
s
WL
neTe
(14)
is the wave number at which energy is pumped into the Lang-
muir waves.
The absorption of the ion-sound waves by the background
electrons is given by
γs = ωpe
me
mi
kLλD. (15)
In a steady state, the emissivity is equal to the absorption,
i.e., one can write
2γMW∗
Lk2
Lλ2
D = 2γsWs. (16)
This in turn gives the energy density of the emitted ion sound
waves as
Ws
neTe
=
r
mi
mekLλD
(
WL
neTe
)9/4, (17)
which can be estimated as '10−8 for the observed
values of WL/(neTe)∼2×10−5, kL∼4.0×10−5 cm−1 and
λD∼13.5×102 cm. This value agrees reasonably well with
the observed energy density of ∼3.7×10−8.
While deriving the threshold condition (9) Goldman and
Nicholson (1978) have assumed the condition
9
2
k2
0λ2
D <<
me
mi
(18)
is satisﬁed, i.e. adiabatic ion approximation. For the wave
numbers kL obtained using the beam speeds derived from the
frequency drift of type III bursts, the above inequality is not
satisﬁed. Most probably, some nonlinear process such as in-
duced scattering of Langmuir waves off thermal ions pumps
them to lower wave numbers k0 where the above condition is
satisﬁed.
4 Conclusions
We summarize the results of this study as follows: (1)
The Ulysses/URAP experiment has observed a number of
local type III bursts excited in the vicinity of the space-
craft. (2) The high resolution observations of the LangmuirG. Thejappa and R. J. MacDowall: High frequency ion sound waves 419
waves associated with these type III events indicate that the
Langmuir wave packets occur as highly structured intense
wave packets with half-power duration of 10’s of millisec-
onds which are equivalent to a few hundred Debye lengths.
The relative peak energy density of these Langmuir waves,
WL/neTe is ∼10−5. (3) Short wavelength ion sound waves
in the 2–4kHz range sometimes occur in association with
these strongly turbulent Langmuir waves, (4) The threshold
for electrostatic decay is ∼8×10−8 which is much less than
the observed values of WL/neTe. However, the predicted
frequencies of ion-acoustic waves due to electrostatic decay
are ≤450Hz (including the contribution of the doppler shift
in the solar wind). No electric ﬁeld signals are observed
at these frequencies. (5) The observed high frequency ion
sound waves in close association with Langmuir waves are
not due to electrostatic decay because neither their frequen-
ciesnortheirwavelengthssatisfytherequiredresonancecon-
ditions. (6) The peak intensities of the Langmuir wave ﬁeld
structures captured by the high resolution FES are of the or-
der of the thresholds for direct Langmuir collapse, and their
spatial scales are of hundreds of Debyelengths indicating that
these structures are probably in the state of strong turbulence.
(7) The wavelengths of observed high frequency ion sound
waves are comparable to the spatial scales of the collapsing
Langmuir wave ﬁeld structures. (8) The observed short wave
length ion sound waves are most probably emitted by the
empty burnt out cavitons left behind by the Langmuir col-
lapse processes. (9) The peak intensity of the observed high
frequency ion sound waves are comparable to the predicted
values of ion sound waves radiated by the burnt out cavi-
tons where the observed parameters of Langmuir waves were
used. (10) However, the speeds of the electron beams derived
from the frequency drift of type III radio bursts are too slow
to satisfy the needed adiabatic ion approximation. There-
fore, some non-linear process such as the induced scatter-
ing on thermal ions most probably pumps the beam excited
Langmuir waves towards the lower wavenumbers, where the
adiabatic ion approximation is justiﬁed.
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